In this paper the result of solution of axisymmetric problem of propagation of sound wave by an unclosed spherical shell and a penetrable ellipsoid of rotation is presented. A spherical radiator is located in a thin unclosed spherical shell as a source of acoustic field. The equation of the spheroidal boundary is given in spherical coordinates. A scattered pressure field is expressed in terms of spherical wave functions. Using corresponding additional theorems the solution of boundary value problem is reduced to solving of dual equations in Legendre's polynomials, which are converted to infinite system of linear algebraic equations of the second kind. The formula for calculation of the far field and numerical results for different values of parameters are obtained.
Introduction
The study of sound waves propagation in different media has a number of practical applications in electroacoustics, hydroacoustics, medical diagnostics, bioacoustics, creation of multi-layer sound-absorbing panels against noise and vibration [1] [2] [3] [4] . Numerous publications describe the problems of propagation of sound field by different objects and they use different analytical and numerical techniques. We will consider just a few publications related to the research topic. The propagation of the sound field by hard or soft, prolate or oblate spheroids using different techniques is considered in [5] [6] [7] [8] [9] [10] [11] [12] . The results of the sound field propagation on permeable and elastic spheroids are studied in [13] [14] [15] [16] [17] . The analytical description of the acoustic field scattered by a inhomogeneous elastic spheroid is obtained in [18] . The analytical solution to the diffraction problem of the plane sound wave on an elastic spheroid with arbitrary located spherical cavity is constructed in [19] .
In this paper analytical solution to axisymmetric problem of propagation of the sound wave by an unclosed thin spherical shell and a penetrable ellipsoid of rotation is presented. A spherical radiator is located in a thin unclosed spherical shell as a source of acoustic field. The equation of the spheroidal boundary is given in spherical coordinates. The solution of boundary value problem is reduced to solving of dual equations in Legendre's polynomials which are converted to infinite system of linear algebraic equations of the second kind. Numerical results are given for various values of parameters of the problem.
Problem formulation
Let a homogeneous space To solve this problem we introduce spherical coordinates with the point O and the point 1 O . The spherical shell 1 Γ and the ellipsoid shell S are described as follows:
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where ( ) Solution of the diffraction problem is reduced to finding pressures j p , j 1, 2,3 = , which satisfy: 1) the Helmholtz equation [20] 
where n is the normal to the surface 1 Γ ,
3) boundary conditions on the surface of the ellipsoidal shell S :
where n is the normal to the surface S and the condition at infinity [20] [21] [22] [23] :
where M is an arbitrary point at the space. given by [22, 23] :
Presentation of problem solution
The initial pressure of sound field can be presented in the form [21] :
where ( )
n h x are the spherical Hankel functions, n P (cos ) θ are the Legendre polynomials, 0n δ is the Kronecker delta, P is constant.
The pressure of the scattered sound field presented as a superposition of the basic solutions of the Helmholtz equation in spherical coordinates taking into account the condition at infinity (6):
P a j k r P cos , r d,
(1) 2 n n 1 n n 0 p r, P x h k r P cos , r d,
(1) 2 1 1 n n 1 1 n 1 1 1 n 0 p r , P y h k r P cos , r r ,
where Unknown coefficients n n n n a , b , x , y must be determined from the boundary conditions.
Fulfilment of boundary conditions
First, we will express function ( ) (2)  2  1  1 p r , θ through the spherical wave functions in the coordinate system with the origin at the point O using the formulae [22, 23] :
(nq00 | 0) , (nq00 | 0) are theClebsch -Gordan coefficients,
2 n n 1 n n 0 p r, P p j k r P cos ,
Considering (8)- (10), (14) and taking into account the condition of orthogonality of the Legendre polynomials on the interval [ ] 0; π the boundary conditions (4), (7) will become:
We introduce new coefficients Xn by the formula ( )
and the small parameter ( ) ( )
From the asymptotic representations for functions
(1) n n j (x), h (x) , where n x >> [21] :
follows that
The dual series equations (15) take the form ( )
n n n n n 0 n 0 n o n n 0 n 0 2n 1 1 g X P cos (2n 1)(f p )P cos , 0 , X P cos 0, ,
The dual series equations are transformed to the infinite system of linear algebraic equations of the second kind with the completely continuous operator using the integral representation for the Legendre polynomials [22] :
where
Now we present the function ( ) (1)  2 p r, θ through the spherical wave functions in the coordinate system with origin at the point O1 using formula [22, 23] : 
In view of the fact that
boundary conditions (5) together with (11), (12), (24) take the form
(1) n n 1 1 n 1 n n 1 1 n 1 n 0 n 0 n n 3 1 n 1 n 0 z j (k r( ))P cos y h k r( ) P cos b j k r( ) P cos ,
1 1 n 1 n 1 n 1 n 1 n 1 2 n 0 1
Let eliminate coefficients n z in (27), (28) using (24), (16 
where ( ) 
The infinite system (28) can be solved by the method of truncation [21] .
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Numerical experiments
Based on [23] : 
Conclusions
It has been shown that the solution of the problem of propagation of sound field by an unclosed spherical shell and a penetrable ellipsoid of rotation is reduced to the infinite system of linear algebraic equations of the second Propagation of the sound wave by an unclosed spherical shell...
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kind. The equation of spheroidal boundary is considered in the spherical coordinates. The spherical radiator is considered as the source of the sound field located within the thin unclosed spherical shell. The addition theorems for spherical wave functions and the method of solution of the dual series equations in Legendre's polynomials have been used. The developed methodology can be practically used in sound screen production.
